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Abstract. It has been suggested that 3 to 5% of total lung
cancer deaths in the UK may be associated with elevated
radon concentration. Radon gas levels can be assessed us-
ing CR-39 plastic detectors which are often assessed by 2-D
image analysis of surface images. 3-D analysis has the po-
tential to provide information relating to the angle at which
alpha particles impinge on the detector. In this study we
used a “LEXT” OLS3100 confocal laser scanning micro-
scope (Olympus Corporation, Tokyo, Japan) to image tracks
on five CR-39 detectors. We were able to identify several
patterns of single and coalescing tracks from 3-D visualisa-
tion. Thus this method may provide a means of detailed 3-D
analysis of Solid State Nuclear Track Detectors.
1 Introduction
Inhalation of radon gas (222Rn) and associated ionising de-
cay products is known to be a cause of lung cancer in humans
(Darby et al., 2005; ICRP, 2007). It has been suggested that
3 to 5% of total lung cancer deaths in the UK can be associ-
ated with elevated radon concentrations in the home and/or
workplace. Thus radon monitoring in buildings is routinely
undertaken in areas of known risk. Some organisations, for
example the Radon Council in the UK and the Environmen-
tal Protection Agency in the USA, advocate a “to test is best”
policy (Papworth, 1997). Radon gas occurs naturally, arising
from decay of 238U in rock and soils.
Assessment of radon gas concentration can be made with
CR-39 plastic detectors (Phillips et al., 2004) which conven-
tionally are assessed by 2-D image analysis of surface ima-
ges; however there can be some variation even in closely
spaced detectors (Cliff and Gillmore, 2001). Several radon
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measurement methods are used such as activated carbon
and electrets; the most widely used measurement method is
CR-39 solid state nuclear track-etch detectors (SSNTDs). In
this technique, heavily ionising alpha particles form tracks
as a result of radiation damage to the detector from interac-
tion between alpha particles and the molecules making up the
CR-39 polymer.
We have previously described confocal microscopy meth-
ods to obtain 3-D data for particle track visualisation and
analysis (Petford et al., 2005; Wertheim et al., 2009). Al-
though 3-D imaging of the tracks could be more time-
consuming than 2-D analysis, 3-D analysis has the potential
to provide information relating to angle at which the alpha
particle hits the detector as well as possibly indicating the
energy of alpha particles. The aim of this study was to inves-
tigate the 3-D appearance of isolated single and coalescing
multiple tracks in SSNTDs from confocal microscope ima-
ges.
2 Method
A “LEXT” OLS3100 confocal laser scanning microscope
(Olympus Corporation, Tokyo, Japan) was used in confo-
cal mode to obtain 3-D image data on five CR-39 plastic
detectors as previously described (Wertheim et al., 2009);
the detectors were from the Radon Metrology Laboratory at
Kingston University. In summary the detectors were placed
on a glass slide which was then positioned on the microscope
stage. Confocal images were obtained using a ×50 or ×100
objective; both lenses having a Numerical Aperture (NA) of
0.95. The upper and lower levels required for the z direction
were assessed manually in order to image the full depth of
the tracks. Using the ×100 objective the microscope system
has a planar resolution of up to 0.12 µm and height resolution
up to 0.01 µm.
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Fig. 1. Example of 3-D visualisation of tracks from data obtained with a ×50 objective showing the distribution of single isolated tracks
and two coalescing tracks. (a) shows the view from the top surface, (b) shows a side view and (c) the corresponding height encoded colour
image with red being the top, through yellow, blue, green to purple being the deepest. (d) shows depth profile (in µm) for the deepest track
(blue arrow in c) which has a measured depth of 20 µm.
Initial microscope examination was made with a ×10 ob-
jective lens in order to identify regions of the detector with
single and coalescing multiple tracks. Regions were then ex-
amined on each SSNTD using confocal microscopy and the
resultant 3-D images visually assessed.
3 Results
Examination of the five detectors showed different types of
track appearance. A number of patterns of single isolated and
multiple coalescing track formation patterns were identified
as shown in the following examples. In addition tracks were
identified with different angles and depths with respect to the
detector surface.
The example in Fig. 1 shows three single and a double
track consisting of two apparently different tracks. The lower
left single track indicates the particle impinged the detector
at an acute angle (with respect to the detector surface) as the
diameter of the upper left aspect is clearly lower than in the
centre.
Figure 1a and b shows grey-scale views from the top sur-
face (a) and side (b). Figure 1c shows a colour coded 3-D
visualisation of the tracks which helps to confirm the appear-
ance of the lower left single track. The colour visualisation
also suggests that the double tracks were formed by two sep-
arate particles as the two tracks are overlapping, of very dif-
ferent depths and the strike angles do not suggest a bouncing
particle. The near symmetrical profile in Fig. 1d suggests that
the top hit was formed by a particle approaching the detector
at right angles to the surface.
Figure 2 also shows three isolated single tracks and a dou-
ble track. In this case the grey-scale images clearly show that
the coalescing double tracks are likely to be formed from two
separate particles hitting the detector since the tracks are in-
clined in different directions. The colour coded height image
confirms the inclination angles of the two coalescing tracks
and helps to show the variation in depth. The maximum
depth of 23 µm was seen in a single isolated track (top left).
A depth profile trace (in µm) of the right track from the two
coalescing tracks is shown in Fig. 2d.
An example of a triple hit region is shown in Fig. 3. In the
example there is no clear variation in the strike angle of the
three tracks.
Figure 4 shows that track size can vary as well as the angle
of the tracks on the detector. The elliptical shaped track on
the lower left of the image appears to have hit the detector at
a higher angle with respect to the normal to the track detec-
tor when compared with the upper right track which appears
circular.
The number of clear single and coalescing tracks was as-
sessed from a 2-D image of one detector obtained using a
×10 objective. In a region size of 1.3 mm by 1.0 mm, there
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Fig. 2. Example of 3-D visualisation of tracks from data showing the distribution of single isolated tracks and two coalescing tracks. (a)
shows the view from the top surface obtained with a ×50 objective and (b) shows a close up image of the two coalescing tracks obtained
with a ×100 objective. (c) shows a side view height encoded colour image with red being the top, through yellow, blue, green to purple
being the deepest. (d) shows the height profile variation for the right track forming the two coalescing tracks. The profile is from left to right
through the track’s long axis and shows a steeper slope on the left hand side compared with the right hand side suggesting that the particle
hit the detector from the right.
Fig. 3. Example using a ×100 objective of three coalescing tracks.
were 51 clear single tracks, 8 double tracks (i.e. apparently
consisting of two coalescing tracks) and 2 triple tracks (i.e.
apparently consisting of three coalescing tracks); in this as-
sessment tracks on the border of the image were not included.
The examples show that there are a variety of track pat-
terns both in terms of individual track shape and the prox-
imity between tracks. Furthermore it can be seen that the
depth profile not only provides the height of the track but
also should help to infer the likely angle at which the particle
may have hit the detector.
Fig. 4. Example showing variation in track diameter. Image ob-
tained using a ×50 objective.
4 Conclusions
From the assessment of the number of clear single and co-
alescing tracks on the 2-D image of one detector, 22 tracks
were part of coalescing tracks (16 tracks were part of the
8 coalescing double tracks and 6 part of the two coalescing
triple tracks); hence 30% (22 of 73) of the observed tracks
were coalescing, highlighting the importance of identifying
such tracks.
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In this study we have successfully used high resolution
confocal microscopy to investigate tracks in five SSNTDs.
We have observed different patterns of track formation
for example single isolated tracks and multiple coalescing
tracks. These observations suggest that it may be difficult
to interpret the appearance of coalescing tracks and distinc-
tion from artefact from only 2-D analysis. Furthermore the
3-D confocal microscopy technique enables identification
and quantification of track angle, area and depth and may
help in objective characterisation of tracks.
The angle of particle strike is likely to be an indicator of
alpha particle direction. Together with area and depth data
this may help to give a comprehensive assessment of tracks.
Thus 3-D visualisation and image analysis can enable char-
acterisation of track features; hence this method may provide
a means of rapid and detailed 3-D analysis of SSNTDs which
could help to improve assessment accuracy.
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